e presence of cavitation in the oil film seriously affects the bearing lubrication performance and bearing capacity. Now the research of this phenomenon mostly focuses on the model of Reynolds equation (R-E equation) or Navier-Stokes equation (N-S), the influence of the two computation models is less analyzed, and the effect of noncondensable gas (NCG) mass fraction on the bearing performance is seldom studied. In the manuscript, the cavitation mechanism is studied using the mixed model of threedimensional N-S equation and Jakobsson-Floberg-Olsson (JFO) condition of two dimensional Reynolds equation, and the influence of rotational speed and NCG mass fraction on the cavitationoil film pressure, and bearing capacity was studied. e results show that the change trend of cavitation with the rotational speed is basically consistent for N-S equation and R-E equation. e bearing capacity calculated by N-S equation is greater than that calculated by R-E equation. e peak pressure and bearing capacity of film can be improved by increasing the NCG mass fraction of lubricant and rotational speed.
Introduction
e presence of cavitation in the oil film seriously affects the bearing lubrication performance and bearing capacity. e occurrence of cavitation causes noise, vibration and corrosion of bearing, which affects the stable operation and service life of the bearing. erefore, scholars have carried out a series of studies on cavitation phenomena, such as experimental research, theoretical analysis, and numerical calculation.
In the experimental study, Brewe [1] used the high speed camera to study the dynamic cavitation characteristics of the bearing oil film. It pointed out that the smaller the bearing clearance, the higher the journal rotation speed and the greater the eccentricity, the more likely the cavitation. Fu et al. [2] used the mass conserving cavitation model to simulate the cavitation regions, the results of the model are validated by the experimental data from the literature. Morris et al. [3] showed that improved conditions with a textured journal, delaying the effect of lubricant rupture, thus extending the effective region of bearing load. Poddar et al. [4] got a clearer picture of the film by filming the moment of the film, using vibration and sound technology to monitor the formation of cavitation. Wang et al. [5] studied the shape, location, and characteristics of the spiral wedge journal bearing with transparent bearing and high speed camera, and pointed out that the higher speed and the lower oil supply pressure will lead to the obvious increase of oil film rupture area.
In the theoretical research, Dhande et al. [6] found that the maximum pressure value of the bearing decreased, when cavitation was considered. Ramos et al. [7] used finite element method to study the cavitation effect of hydrodynamic sliding bearing, the results showed that the addition of mass conservation in the cavitation process had little impact on the dynamic response of rotor under normal working conditions. Aggarwal et al. [8] studied frictional and load-carrying behaviours of micro-textured sector shape pad thrust bearing considering the cavitation and thermal effects. Cheng et al. [9] pointed out that the slip velocity of the cavitation zone would affect the oil film pressure, bearing capacity, and dynamic coefficient. Gao et al. [10] analyzed the relationship between eccentricity and sommerfeld number of water lubricated bearings using the cavitation model. Li et al. [11] proposed a new cavitation model based on air solubility, which provided a new idea for the cavitation model development of low vapor pressure lubricant. Guo et al. [12] established a three-dimensional gas-liquid mixed-phase CFD model, and analyzed the effect of noncondensing gas on the pressure field and phase field using a fully cavitated model. Christian et al. [13] studied the pressure, the axial track, and the friction loss of the axial and circumferential grooves journal bearing, based on the three-dimensional N-S equation. Ji and Cheng et al. [14, 15] studied numerically the cavitating flow around a NACA66 hydrofoil, and carried out numerical simulations of a tip leakage cavitating flow of a straight NACA009 hydrofoil.
In the actual work process, lubricating oil circulates in the oil supply system, strongly entrains and mixes with the air of tubing, which leads to the lubricant containing some air. Air is a noncondensable gas under normal conditions, and the effect of NCG mass fraction on the bearing performance is seldom studied. In the manuscript, the influence of different rational speeds and NCG mass fractions on the bearing performance is studied and compared. Scholars have studied the cavitation phenomenon using Reynolds equation or N-S model, the influence of the two computation models is less analyzed. So a better analysis for bearing cavitation performance is finished using the advantages of the three-dimensional N-S model and two-dimensional Reynolds equation.
Numerical Model

Establishment of N-S Equation.
e basic equations used in the study of fluid lubrication are mainly Navier-Stokes equations, substantive expressions are as following [16] :
where is the time, is the fluid velocity, is the mass force per unit mass of fluid, is the density, is the fluid pressure.
, are , , three directions. e finite element so ware is usually used to solve the N-S equation, Fluent so ware is used to analyze the bearing model, determine the calculation field, and Gambit is used to establish the model and grid. Since the thickness of the oil film is very small compared to the diameter and width, the thickness of the oil film has a great influence on the entire analysis, the model is divided into meshes by block partition. e grid gap
is set to 0.5, and 6 layers are arranged in the direction of oil film thickness. e oil film part is divided into a regular hexahedral mesh, the contact region of the inlet and an unstructured mixed grid, which guarantees a high grid quality. Model structure and division of grid are shown in Figure 1 , the bearing geometry is shown in Figure 2 .
Establishment of Two Dimensional Reynolds Equation.
Assume that the lubricant is constant viscosity, laminar, neglecting the layer weight, and the inertial force during movement. e Reynolds equation is obtained by simplifying the N-S equation:
where is lubricating oil viscosity, is oil film pressure, is rotating speed of bearing, ℎ is oil film thickness.
Common boundary conditions for the Reynolds equation have the whole Sommerfeld boundary condition, the semi-Sommerfeld boundary condition, the Reynolds boundary condition, and the mass conservation boundary condition.
e Reynolds boundary condition is o en used, it cannot
Oil inlet interpret the oil film reformation correctly and does not respect conservation of mass, and mass conserving boundary condition (JFO boundary condition) that is presented by Jakobsson, Floberg, Olsson considers mass conservation in oil film rupture and reformation location. In this manuscript, the JFO boundary condition with the cavitation pressure cav of −72139.79 Pa is used [17] . Elrod algorithm is used in Equation (3) where is nondimensional elastic modulus of lubricant, ℎ is nondimensional oil film thickness, is nondimensional axial direction, is width-diameter ratio, is bearing width, cav is cavitation density, and g is 0 in the cavitation region; g is 1 in the full oil film region. e two-dimensional Reynolds equation is solved by the finite difference method and the discretization Equation (5),
the discretization equations are solved by the superrelaxation iterative method, the calculation process stopped using the criteria of pressure smoothness and the iterative accuracy of bearing capacity. A er solving Equation (5) to obtain , the pressure distribution needs to be solved by Equation (4).
Numeral Calculations
For the three-dimensional model, Fluent provides three common cavitation models, Volume of Fluid (VOF model), Mixture, and Eulerian. Mixture is a simplified multiphase flow model that can be used to simulate two-phase or multiphase flow with different speeds (particles or fluids), which is suitable for load flow of low-mass load particle, bubble flow. In this manuscript, Mixture (mixed model) is used, fluid is treated as incompressible due to the change of fluid density it can be ignored, lubricant density = 890 kg/m 2 , the sha rotates at rotating speed and the bearing is stationary. e boundary conditions are as follows: the inlet pressure is 20 kPa, the outlet is both sides of oil film and the pressure is environmental pressure. e finite volume method is used to discretize Equation (2), the residual convergence is set to 10 −4 as iterative stop.
e model parameters are calculated as follows: bearing radius = 20.05 mm, journal radius = 20 mm, radius clearance = 0.05, eccentricity = 0.6, inlet diameter = 2 mm, inlet pressure = 20 kPa, rotating speed = 2000 r/min, 4000 r/ min, 6000 r/min, lubricant viscosity = 0.02 Pa.s, and initial offset angle w = 458. convergence area, oil film static pressure peak occurs before the minimum gap. When the negative pressure of the divergence zone reaches the saturated vapor pressure of the lubricating oil, cavitation is generated in the oil film, as shown in Figure 7 . It can be seen from Figure 6 (a) that the oil film pressure calculated using the R-E equation has a significant increases in the cavitation distribution cloud, and the cavitation phenomenon of oil film is more obvious. As it can be seen from Figure 4 , the white region is cavitation, rotational speed will have a significant impact on the oil film characteristics, exacerbate the cavitation phenomenon of oil film, which is consistent with influence of rotating speed on cavitation in Figure 3 . By computation for the ratio of cavitation area to oil film area in Figures 3, 4 , and 5 shows the influence of the rotational speed on the cavitation area ratio and with the increase of rotational speed, the cavitation area ratio increases, which indicate that the number of cavitation constantly increases. Figure 5 is consistent with the changing trend of It can be seen from Figure 6 that the trend of the N-S equation is consistent with the R-E equation as the journal rotation speed increases, the static pressure of the oil film has obviously increased, the bearing capacity has a corresponding increasing trend, but the angle of the oil film rupture is slightly different. Figure 6(a) is the oil film circumferential pressure distribution (starting point corresponds to the largest gap near the oil film), the oil film pressure is concentrated in the bearing positive pressure of the oil film in the convergent region gradually increases, and the maximum negative pressure in the divergent zone reduces. When the NCG mass fraction w g is 1.5 × 10 −7 , the maximum positive pressure in the convergent region is 1645217 Pa, and the maximum negative pressure in the divergent region is −98952 Pa. When the NCG mass fraction increases by 100 times and w g is 1.5 × 10 −5 , the maximum static pressure of the oil film increases to 1658920 Pa, the maximum negative pressure is −98508 Pa, and the variation of the maximum positive pressure and the maximum negative pressure are 0.83% and 0.45%, respectively. It shows that the change of NCG mass fraction has little effect on the maximum positive pressure and maximum negative pressure of the oil film. It can be seen from (b) and (d) in Figure 7 that the maximum volume fraction of the cavitation area decreases with the increase of the NCG mass fraction, and the large volume fraction concentrates in the downstream position of the cavitation region. According to Figures 7(a) and 7(c), the increase of the NCG mass fraction reduces the maximum negative pressure in the oil film, restrains the further growth of cavitation, and then reduces the gas volume fraction.
Results and Discussion
Conclusion
Based on the mixed model of the three-dimensional N-S equation and JFO condition of two dimensional Reynolds equation, the influence of rotational speed, and NCG mass fraction on bearing cavitation performance is analyzed. e calculated results of the N-S equation and the R-E equation on the cavitation are basically the same. With the increase of rotational speed, the oil film static pressure obviously increases, the bearing capacity also has a corresponding increase, the cavitation area gradually increases, and the cavitation area ratio also increases. e oil film pressure of the R-E equation has a significant hysteresis, and the pressure peak is higher than that calculated by the N-S equation. e cavitation area ratio of the R-E equation is higher than that calculated by the N-S equation, while the bearing capacity calculated by the N-S equation is greater than that calculated by the R-E equation.
hysteresis, the peak value appears higher, the positive pressure area of the oil film decreases, and the oil film rupture area increases than that of the N-S equation. is is consistent with the cavitation ratio calculated in Figure 5 that the cavitation ratio of R-E equation is larger than the N-S equation. Since the oil film rupture region calculated by the R-E equation in Figure 6 (a) is larger than the N-S equation, the bearing capacity calculated by the N-S equation shown in Figure 6 (b) is greater than the bearing capacity of the R-E equation.
Influence of NCG Mass Fraction on Bearing Performance.
e increase of axial rotational speed and the NCG mass fraction g has certain influence on the peak value of static pressure and bearing capacity. From Figures 8 and 9 , it can be seen that at the same NCG mass fraction, with the increase of rotation speed, the peak value of the static pressure and bearing capacity increase. Because of the increase of the rotational speed, more lubricating oil is brought into the wedge-shaped convergence gap, which enhances the hydrodynamic effect and carrying capacity of the bearing.
With the increase of the NCG mass fraction, the carrying capacity and the peak value of static pressure also increased slightly. It can also be seen from Figures 8 and 9 that the increase of NCG mass fraction has a greater increase range for the oil film pressure and bearing capacity at high rotational speed than at low speed. When the rotational speed is 2000 r/min, the NCG mass fraction w g in the lubricating oil increases from 1.5 × 10 −7 to 7.5 × 10 −5 , the pressure peak and the bearing capacity increase by 1.20% and 2.04%, respectively. When the rotational speed is 6000 r/min, the NCG mass fraction w g increases from 1.5 × 10 −7 to 7.5 × 10 −5 , the pressure peak and carrying capacity of the oil film increase by 2.78% and 5.60%, respectively. It is shown that the change of NCG mass fraction at high speed has greater impact on maximum static pressure of oil film and bearing capacity than at low speed.
As shown in Figures 7(a) and 7(c), with the increase of the NCG mass fraction in the lubricating oil, the maximum e increase of rotational speed has a significant effect on the oil film pressure and bearing capacity. e increase of noncondensable gas mass in the lubricating oil can increase the pressure peak value and bearing capacity.
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